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Adhesion molecules and urinary tumor necrosis factor-a in idiopathic
membranous glomerulonephritis. Adhesion molecules are required in
several physiological processes, but their altered function/expression is
associated with the pathogenesis of inflammatory diseases. In the present
study on idiopathic membranous glomerulonephritis (MGN) the expres-
sion of adhesion molecules (ICAM-1, VCAM-1, PECAM-1, E-selectin,
LFA-1, Mac-1) was analyzed in different cellular compartments of the
kidney using an indirect immunoperoxidase technique and monoclonal
antibodies. Relationships between the expression of these molecules and
the clinical and morphological activity of the disease and the urinary
excretion of tumor necrosis factor a (TNF-a) were studied in 20 patients.
The results were compared with the findings in ten normal kidneys and
urinary TNF-a in 17 healthy subjects. The expression of adhesion mole-
cules in glomeruli and tubules was unchanged apart from a diminished
expression of VCAM-1 (P 5 0.014) in glomerular parietal epithelial cells
and PECAM-1 in glomerular endothelial cells (P , 0.01). Interstitial
peritubular capillaries expressed significantly (P 5 0.009) more E-selectin
compared with the controls. The interstitial compartment had a highly
increased number of cells expressing ICAM-1 in MGN (32.4 6 4.6
cells/high power field) compared with the controls (9.4 6 1.2; P , 0.001).
Also, cells expressing VCAM-1 (10.2 6 1.6 vs. 2.8 6 1.9; P 5 0.005),
PECAM-1 (25.9 6 5.3 vs. 7.4 6 2.1; P 5 0.006), and LFA-1 (20.4 6 3.6 vs.
8.3 6 1.5; P 5 0.041) were increased in the interstitium. Proteinuria
correlated particularly with the expression of E-selectin in peritubular
capillaries (r 5 0.63, P 5 0.004). The number of LFA-1 expressing
inflammatory cells in the interstitium correlated with peritubular capillary
E-selectin (r 5 0.8, P , 0.001) and interstitial ICAM-1 (r 5 0.61, P 5
0.009) expression, but histological alterations did not correlate with the
expression of adhesion molecules. Tumor necrosis factor-a excretion was
significantly increased in MGN (41 6 8 pg/mg creatinine) compared with
the controls (13 6 2; P 5 0.001), and in particular, it correlated with the
interstitial expression of LFA-1 (r 5 0.71, P 5 0.002). This study suggests
that active MGN leads not only to proteinuria but also to increased
urinary TNF-a excretion. These may serve as triggers for the up-regulation
of adhesion molecules in the peritubular capillaries and interstitial cells
thus enhancing the development of the interstitial injury.
Adhesion molecules play an essential role in regulating cell to
cell and cell to extracellular matrix interactions [1–3]. They are
also crucial in embryogenesis, cell differentiation, wound healing,
maintaining the normal architecture of tissues and targeting
leukocytes to sites of immune response [4]. Moreover, these
molecules are involved in several other immune reactions like
cytotoxicity [5], activation of antigens [6] and interactions between
lymphocytes [2]. Some of them are constitutively expressed by
cells in normal kidneys where their avidity and/or expression may
be enhanced by inflammatory mediators like interleukin-1, tumor
necrosis factor-a (TNF-a), interferon gamma, and transforming
growth factor-b [2, 4, 7, 8]. Other adhesion molecules, being
absent in normal kidneys, may be synthesized de novo as a result
of injury [4, 8].
Membranous glomerulonephritis (MGN) is a prototype of
immune-mediated glomerular disease where antibodies against
still unrecognized antigens result in generation of immune com-
plexes with subsequent activation of the complement cascade [9].
The immunological process results in increased production of
TNF-a in the glomeruli [10, 11] that is reflected by altered urinary
excretion of this cytokine [12]. Glomerular hypercellularity is
typically minimal in MGN, being usually confined to an occasion-
ally increased number of cells in the mesangial areas [13].
However, studies on Heymann nephritis, an experimental model
of human MGN, have demonstrated an interstitial infiltration of
lymphocytes and monocytes early after the induction of MGN
[14]. Also, human MGN is often associated with interstitial
cellular inflammation, fibrotic changes in the interstitium as well
as tubular atrophy [13, 15].
For unknown reasons the clinical course and prognosis of MGN
are highly variable, 10 to 30% of the patients developing end-stage
renal disease in ten years [16]. The prognosis is more closely
linked to the tubulointerstitial injury than to the glomerular lesion
[15], but the genesis of the interstitial inflammation and fibrosis is
unclear. However, several possibilities exist [reviewed in 17]. The
initial immunologic injury may not only be directed against
glomerular but also tubular/interstitial antigens. Abundant glo-
merular filtration of various proteins including complement com-
ponents, transferrin and albumin (or substances carried with
albumin) as well as lipids may be toxic both to the glomerular
mesangium and to tubular cells [18]. Active glomerular disease
may also result in liberation of cytokines, such as TNF-a, capable
of enhancing the expression of adhesion molecules that increase
the traffic of immunocompetent cells into the interstitium [4, 8].
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These events may result in the secretion of fibrosis promoting
cytokines [17].
The expression of adhesion molecules has previously been
studied only occasionally in MGN patients [19–22], and we are
not aware of studies on relationships between the expression of
these molecules and the clinical or morphological activity of the
disease. In the present study on MGN we focused on three
members of the immunoglobulin superfamily [intercellular adhe-
sion molecule-1 (ICAM-1; CD54), vascular cell adhesion mole-
cule-1 (VCAM-1, CD106) and platelet-endothelial cell adhesion
molecule-1 (PECAM-1, CD31)], one member of the selectin
family [E-selectin (endothelial leukocyte adhesion molecule 1;
ELAM-1, CD62E)], and two members of the b2-integrin family
[LFA-1 (leukocyte function-associated molecule-1; CD11a/CD18)
and Mac-1 (CD11b/CD18)]. The renal expression of these mole-
cules was compared with morphological and clinical findings,
especially the urinary excretion of protein and TNF-a.
METHODS
Patients and controls
Patients. The study population comprised 20 patients with
idiopathic membranous glomerulonephritis; the patient data are
depicted in Table 1. Their mean age was 46 (ranging from 26 to
67) years, the duration of the disease (calculated from the first
renal biopsy) was 64 (0 to 269) months, proteinuria 7.9 (1.4 to
27.5) g/24 hr, serum creatinine 115 (63 to 303) mmol/liter, and
glomerular filtration rate (GFR) 78 (26 to 122) ml/min/1.73 m2.
Two patients received immunosuppressive agents (low dose cor-
ticosteroid therapy) during the study and an additional four had
previously received these drugs (more than 12 months before the
study).
Controls. Ten nephrectomized kidneys that were intended but
not used for renal transplantation (for surgery-related, technical
reasons) served as controls. In addition, 24-hour urine specimens
were obtained from 17 healthy persons (hospital staff, mean age
40 years) for the urinary TNF-a analysis.
Renal biopsies
Biopsies, obtained using 14G Biopty® (Manan Medical Prod-
ucts, Northbrook, IL, USA) needles, were fixed in 4% phosphate
buffered paraformaldehyde and embedded in Historesin (Leica
Instruments GmbH, Heidelberg, Germany). Sections 1 to 3 mm
thick were stained with chromotrope-aniline blue, May-Gru¨n-
wald-Giemsa, periodic acid-Schiff and periodic acid-silver methe-
namine. Direct immunofluorescence was performed on frozen
sections using routine methods.
Morphological findings were scored throughout the study by
the same investigator (T.T.), who was unaware of the expression
of adhesion molecules. The following alterations were scored
semiquantitatively on a scale of 0, 1, 2 and 3: amount of
glomerular mesangial matrix, interstitial inflammatory cellular
infiltration, interstitial fibrosis, tubular atrophy, and intensity of
the immunofluorescence (IgG fluorescence) finding.
Expression of adhesion molecules in renal tissue
One part (3 to 4 mm in length) of the biopsy sample was snap
frozen in liquid nitrogen. Frozen sections (4 mm) were fixed in
acetone at 220°C for 10 minutes, and kept at 220°C. Before
staining, the slides were refixed with chloroform and air dried.
Sections were incubated with monoclonal antibodies with a three
layer indirect immunoperoxidase technique [23]. The primary
antibodies were used at an optimal dilution in Tris/1% BSA. After
a 30 minute incubation at room temperature the sections were
washed in Tris buffer and incubated for 30 minutes with peroxi-
dase-conjugated rabbit anti-mouse Ig (DAKO-Immunoglobulin
A/S, Copenhagen, Denmark). After washing in Tris buffer, the
Table 1. Clinical data on the patients with membranous glomerulonephritis
Number
Agea
years
Sex
M/F
Duration of
diseaseb, months
Proteinuria
g/24 hr
Serum creatinine
mmol/liter
GFR
ml/min/1.73 m2
1. 43 M 2 15.1 183 38
2. 38 M 72 12.3 97 107
3. 66 M 0 9.7 102 82
4. 55 M 120 7.1 117 57
5. 49 M 13 27.5 303 26
6. 65 M 54 1.4 155 47
7. 67 M 126 9.5 108 52
8. 63 M 124 4.0 122 73
9. 60 F 269 4.6 89 92
10. 26 F 0 8.2 63 116
11. 54 M 120 6.2 102 67
12. 67 M 79 4.9 96 116
13. 36 M 45 5.6 91 93
14. 44 M 14 11.4 86 122
15. 46 M 0 10.0 81 95
16. 45 M 24 7.6 165 41
17. 50 M 176 4.1 85 96
18. 69 M 0 3.7 85 61
19. 45 M 32 2.1 99 108
20. 29 F 0 3.6 68 114
Mean 46 64 7.9 115 78
Range 26–67 0–269 1.4–27.5 63–303 26–122
a At study
b since diagnosis (the 1st renal biopsy)
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sections were incubated with peroxidase-conjugated goat anti-
rabbit Ig (Caltag Lab., San Francisco, CA, USA). The reaction
was revealed by chromogen 3-amino-9-ethylcarbatzole containing
H2O2. The specimens were counterstained with Mayer’s hemalum
and mounted (Aquamount, BDH Ltd., Poole, UK).
Primary monoclonal mouse IgG1 antibodies to the following
human adhesion molecules were used: ICAM-1 (CD54; R&D
Systems Europe, Oxon, UK), VCAM-1 (CD106; R&D),
PECAM-1 (CD31; R&D), E-selectin (CD62E; R&D), LFA-1
a-chain (CD11a; DAKO), Mac-1 a-chain (CD11b; DAKO),
LFA-1/Mac-1 b-chain (CD18; DAKO).
The expression of adhesion molecules was examined by one
investigator (E.vW.), who was unaware of the clinical and mor-
phological findings. A semiquantitative analysis was conducted to
evaluate the expression in glomeruli, tubules, and vasculature
(scale: 0, 0.5, 1, 2, 3). The interstitial compartment and peritubu-
lar capillaries were evaluated quantitatively by counting the
number of cells expressing adhesion molecules, and values were
indicated as a mean of at least three adjacent fields (magnification
3400).
Laboratory analyses
Samples. Twenty-four-hour urines from the patients were col-
lected at hospital (as the renal biopsy was performed). Control
subjects collected 24-hour urines as outpatients. After collection
the samples were centrifuged at 3000 r.p.m. for 10 minutes and
the clear supernatants were stored at 220°C.
Laboratory studies. Renal function was assessed by serum
creatinine (reference values from 70 to 130 mmol/liter in men and
50 to 110 mmol/liter in women) and by GFR (51Cr-EDTA-
clearance; reference value over 80 ml/min/1.73 m2). Serum and
urinary creatinine were measured by modified Jaffe’s reaction
(SYS 2 BM/Hitachi 717 reagents and Hitachi 911E Automatic
Analyzer, Behringer Mannheim, Germany), serum albumin (ref-
erence values 34 to 46 g/liter) by bromcresol green binding assay,
and urinary protein by biuret reaction after precipitation with
trichloroacetic acid. To estimate 51Cr-EDTA clearance, 0.5 to 1.0
ml (75 mCi) of radioactive chromium (51Cr) EDTA (Amersham,
Bucks, UK) was injected into the patients and blood samples were
drawn at 0, 2, 2.5, 3, and 4 hours. All methods were in general use
in the hospital laboratory.
Urinary TNF-a assay. Urinary TNF-a was studied by a solid
phase double-antibody radioimmunoassay (RIA) as described
elsewhere [24]. To compensate for alterations caused by varying
urinary concentration the excretion of TNF-a was related to
concomitant urinary creatinine (UCr) content.
Statistical analysis
Values are expressed as means (6 SE or with range) and 95%
confidence intervals (CI) are shown where appropriate. Compar-
isons between the two groups were performed with the Mann-
Whitney U-test. Simple and multiple linear regression analyses
were used to study interrelationships between the parameters.
The calculations were performed using StatView5121y (Brain-
Power Inc., USA) and Statworksy (Hayden and Sons, Philadel-
phia, PA, USA) softwares. P values less than 0.05 were considered
significant.
RESULTS
Adhesion molecules in glomeruli
ICAM-1. Control kidneys showed ICAM-1 expression in glo-
meruli (Fig. 1A and Table 2). No significant deviations were
observed in MGN.
VCAM-1. The expression of VCAM-1 was low in glomerular
tufts both in controls and MGN. However, it was regularly
detected in parietal epithelial cells where the expression was
significantly (P 5 0.014) decreased in patients with MGN.
PECAM-1. Glomerular tuft cells and, rarely, parietal epithelial
cells expressed PECAM-1 in normal control kidneys. The expres-
sion was decreased in glomerular endothelial cells (P , 0.01) in
patients with MGN.
E-selectin. No expression of E-selectin was detected in glomer-
uli of the normal kidneys (Fig. 1C). Patients with MGN occasion-
ally had faint expression (by endothelial cells) of this molecule.
LFA-1 and Mac-1. Both molecules were expressed in mononu-
clear cells of glomerular tufts. No deviations in the expression
were detected in MGN (Fig. 1E–F).
In summary, glomerular expression of adhesion molecules was
largely unchanged in MGN apart from a diminished expression of
VCAM-1 and PECAM-1.
Adhesion molecules in tubules
ICAM-1. Tubular cells in normal kidneys showed faint expres-
sion of ICAM-1 both apically and basally (Fig. 1A and Table 2).
The mean expression was unchanged in MGN. However, patients
#1 and #5, who had progressively deteriorating renal function,
had the highest (score: 2) expression apically in tubuli, whereas an
equally high expression was not observed in any other patient.
VCAM-1. Some tubular cells in normal kidneys expressed
VCAM-1 basally. Both apically and basally the expression was
somewhat although not significantly increased in MGN.
No tubular expression of the other adhesion molecules studied
was observed in normal or patient samples. Thus, no major
alterations in the tubular expression of adhesion molecules were
detected in MGN.
Adhesion molecules in vasculature
ICAM-1. All normal kidneys expressed ICAM-1 in arteries/
arterioles as well as in peritubular capillaries (Fig. 1A and Table
2). No alterations were observed in MGN.
VCAM-1. Normal kidneys showed faint expression of VCAM-1
in arteries/arterioles and peritubular capillaries. The expression
was equal in MGN
PECAM-1. All normal kidneys expressed PECAM-1 in arteries/
arterioles and peritubular capillaries. The MGN patients had a
trend for diminished expression of this molecule in peritubular
capillaries (P 5 0.056)
E-selectin. Arteries/arterioles rarely expressed E-selectin in
normal or MGN kidneys. However, the semiquantitatively evalu-
ated expression in peritubular capillaries (being almost negligible
in normal kidneys) was significantly (P , 0.01) increased in MGN
(Fig. 1 C, D). Using the quantitative technique, the number of
cells expressing E-selectin in peritubular capillaries was 2.9 6 0.7
Honkanen et al: Adhesion molecules and TNF-a in MGN 911
(CI 1.5 to 4.3) cells/high power field (HPF) in MGN compared
with 0.5 6 0.2 (CI 0.03 to 0.9) in the controls (P 5 0.009).
LFA-1 and Mac-1. No expression was detected in normal
kidneys or in patients with MGN (Fig. 1 E, F).
To summarize the results, MGN patients showed significantly
elevated E-selectin expression in peritubular capillaries.
Adhesion molecules in the interstitial cells
Figure 2 graphically depicts the expression of adhesion mole-
cules within the intestitium.
ICAM-1. The number of cells expressing ICAM-1 was highly
increased in MGN (32.4 6 4.6; CI 22.8 to 41.9 cells/HPF) as
Fig. 1. Immunoperoxidase (IP) stainings of adhesion molecules. (A) Intercellular adhesion molecule-1 (ICAM-1) expression in a normal kidney.
IP-positivity is found in the glomerular tuft as well as some tubuli, vasculature, and cells in the interstitium between the adjacent tubules. (B) ICAM-1
expression in membranous glomerulonephritis (MGN). Highly increased number of IP-positive mononuclear cells is observed in the interstitium. (C)
E-selectin expression in a normal kidney. IP-negative glomerulus (arrowhead) and minimal or no positivity in tubuli, vasculature or interstitium. (D)
E-selectin expression in MGN. Several IP-positive peritubular capillaries are observed. (E) CD-18 (LFA-1/MAC-1 b-chain) expression in a normal
kidney. Occasional IP-positive cells in the glomerulus. (F) CD-18 expression in MGN. Increased number of IP-positive interstitial mononuclear cells
is observed (magnification is 3400).
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compared with the controls (9.4 6 1.2; CI 6.7 to 12.2; P , 0.001).
ICAM-1 expression was observed in interstitial mononuclear cells
near capillaries (Fig. 1B)
VCAM-1. The expression of VCAM-1 was increased in the
interstitial mononuclear cells in MGN (10.2 6 1.6; CI 6.9 to 13.5
cells/HPF) compared with the controls (2.8 6 1.9; CI 21.6 to 7.2;
P 5 0.005).
PECAM-1. Patients with MGN had elevated PECAM-1 expres-
sion (25.9 6 5.3; CI 13.0 to 38.8 cells/HPF) compared with the
controls (7.4 6 2.1; CI 2.2 to 12.7; P 5 0.006). Expression was
observed in cells near peritubular capillaries.
E-selectin. E-selectin expression was not detected in interstitial
areas outside the capillaries (Fig. 1 C, D).
LFA-1. The expression of LFA-1 was increased in the intersti-
tial mononuclear cells in MGN (20.4 6 3.6; CI 13.0 to 27.9
cells/HPF) compared with the controls (8.3 6 1.5; CI 5.0 to 11.7;
P 5 0.041; Fig. 1 E, F).
MAC-1. The expression was marginally but insignificantly in-
creased in MGN (14.1 6 2.9; CI 8.0 to 20.2 cells/HPF) compared
with the controls (6.4 6 1.4; CI 3.1 to 9.7; P 5 NS).
Thus the expression of most adhesion molecules studied was
significantly increased in the interstitial areas in MGN.
Expression of adhesion molecules and clinicomorphological
correlations
The expression of adhesion molecules in any of the renal
compartments studied did not correlate with the duration of the
disease or with GFR (data not shown). However, proteinuria
correlated (simple regression) significantly with the peritubular
capillary expression of E-selectin (r 5 0.63, P 5 0.004; Fig. 3A)
and less significantly with interstitial VCAM-1 (r 5 0.49, P 5
0.03), Mac-1 (r 5 0.48, P 5 0.038), and almost significantly with
interstitial LFA-1 (r 5 0.41, P 5 0.07), but not with interstitial
ICAM-1 or PECAM-1. It also appeared that peritubular capillary
E-selectin expression correlated highly with the interstitial LFA-1
expression (r 5 0.8, P , 0.001; Fig. 3B). Furthermore, the
expression of ICAM-1 in the interstitial compartment correlated
(simple regression) significantly with the interstitial LFA-1 (r 5
0.61, P 5 0.009; Fig. 3C) and MAC-1 (r 5 0.6, P 5 0.015)
expression.
Table 2. Expression of adhesion molecules in glomeruli, tubules, and vasculature in patients with membranous glomerulonephritis (MGN) and in
normal control kidneys
Site of
expression Adhesion molecule MGN Controls
Glomeruli
Mesangium ICAM-1 1.7 6 0.1 (1–3) 1.5 6 0.3 (0–2.5)
VCAM-1 0.1 6 0.1 (0–1) 0.2 6 0.2 (0–2)
PECAM-1 1.9 6 0.1 (1–2) 1.3 6 0.4 (0–3)
E-selectin 0 0
Endothelium ICAM-1 1.0 6 0.1 (0–2) 1.3 6 0.2 (0–2)
VCAM-1 0.1 6 0.1 (0–1) 0.1 6 0.1 (0–1)
PECAM-1 0.6 6 0.1 (0.5–1)a 1.6 6 0.3 (0.5–2)
E-selectin 0.1 6 0.1 (0–1) 0
Visceral epithelium ICAM-1 0.9 6 0.1 (0–2) 1.2 6 0.3 (0–2)
VCAM-1 0.9 6 0.2 (0–2) 1.3 6 0.3 (0–2)
PECAM-1 0.4 6 0.3 (0–2) 0.8 6 0.3 (0–2)
E-selectin 0 0
Parietal epithelium ICAM-1 0.2 6 0.1 (0–1) 0.3 6 0.2 (0–2)
VCAM-1 0.4 6 0.1 (0–1)b 1.1 6 0.3 (0–2)
PECAM-1 0 0.2 6 0.1 (0–1)
E-selectin 0 0
Tubules
Apically ICAM-1 0.3 6 0.1 (0–2) 0.4 6 0.2 (0–2)
VCAM-1 0.4 6 0.1 (0–1.5) 0.1 6 0.1 (0–0.5)
PECAM-1 0 0
E-selectin 0 0
Basally ICAM-1 0.2 6 0.1 (0–2) 0.3 6 0.2 (0–2)
VCAM-1 0.6 6 0.1 (0–2) 0.3 6 0.1 (0–1)
PECAM 0 0
E-selectin 0 0
Vasculature
Arteries/arterioles ICAM-1 1.3 6 0.1 (1–2) 1.7 6 0.2 (0–2)
VCAM-1 0.5 6 0.1 (0–1) 0.5 6 0.2 (0–1)
PECAM-1 1.8 6 0.2 (1–2) 2.1 6 0.2 (2–3)
E-selectin 0.2 6 0.1 (0–1) 0.2 6 0.1 (0–0.5)
Peritubular capillaries ICAM-1 1.9 6 0.1 (1–2.5) 1.9 6 0.2 (0.5–2)
VCAM-1 0.6 6 0.1 (0–2) 0.7 6 0.2 (0–2)
PECAM-1 1.8 6 0.1 (1–2)c 2.3 6 0.2 (2–3)
E-selectin 0.6 6 0.1 (0–1)d 0.1 6 0.1 (0–0.5)
Mean 6 SE and range are shown. For data on LFA-1 and MAC-1, see text.
a P , 0.01
b P 5 0.014
c P 5 0.056
d P , 0.01
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Morphological findings in renal biopsies revealed slight (score:
1) or moderate (score: 2) interstitial inflammation, fibrosis, tubu-
lar atrophy, and increased mesangial matrix in most patients.
Moderate or abundant (score: 3) intensity of immunofluorescence
was detected in 19 of 20 biopsies. No direct relationship between
the morphological alterations in renal biopsy and the expression
of adhesion molecules was found (data not shown).
Correlations between urinary tumor necrosis factor-a and
expression of adhesion molecules
Urinary TNF-a excretion was significantly elevated in MGN
(41 6 8; CI 24 to 51 pg/mg UCr) compared with the control
subjects (13 6 2; CI 10 to 16 pg/mg UCr; P 5 0.001). The excretion
correlated with proteinuria (r 5 0.57, P 5 0.016).
Tumor necrosis factor-a excretion correlated significantly (sim-
ple regression) with the interstitial expression of LFA-1 (r 5 0.71,
P 5 0.002; Fig. 3D), VCAM-1 (r 5 0.54, P 5 0.026), and Mac-1
(r 5 0.60, P 5 0.015) as well as peritubular capillary expression of
E-selectin (r 5 0.70, P 5 0.002). No correlation between the
urinary TNF-a and the number of interstitial cells expressing
ICAM-1 or PECAM-1 was found. In a multiple regression
analysis where urinary TNF-a was the dependent variable, the
correlation to proteinuria was lost, but a significant correlation to
interstitial LFA-1 (P 5 0.02) and nearly significant correlation to
peritubular capillary E-selectin (P 5 0.06) was found.
DISCUSSION
Altered expression of several adhesion molecules has been
described both in experimental and human renal diseases [re-
viewed in 4, 8], but relationships between the expression and
clinical, morphologic and immunologic activities of the disease are
not known. The present study focused on MGN where the
glomerular cellular inflammation typically is minimal. The major-
ity of patients had, however, interstitial inflammatory changes
and/or interstitial fibrosis. The most striking findings pertained to
significantly increased expression of most adhesion molecules
studied in interstitial cells and E-selectin in peritubular capillaries,
the expression correlating with proteinuria. The highly elevated
urinary TNF-a excretion in these patients correlated particularly
with interstitial LFA-1 and peritubular capillary E-selectin expres-
sion.
The glomerular and vascular expression of ICAM-1 was un-
changed in MGN in the present study. An ultrastructural analysis
using immunogold technique revealed that this molecule is nor-
mally localized to glomerular endothelial and parietal epithelial
cells, to the endothelium of peritubular capillaries and arterioles,
to brush border of proximal tubuli as well as to fibroblast-like
interstitial cells [25]. After exposure to inflammatory stimuli, not
only endothelial cells but also leukocytes, epithelial cells, dendritic
cells and fibroblasts express ICAM-1 [8].
The expression of ICAM-1 has previously been investigated in
some MGN patients. The study of Mu¨ller, Markovic-Lipkovski
and Mu¨ller [19] comprised 16 MGN patients who had unchanged
glomerular expression of ICAM-1, whereas occasionally de-
creased [20] or increased expression by glomerular parietal epi-
thelial cells and interstitial vessels [22] have been described. It is
known that ICAM-1 expression is increased in tubular cells early
during renal transplant rejection [26]. Also, MGN has been
suggested to be associated with increased proximal tubular (api-
cal) expression of ICAM-1 [19, 20]. This phenomenon was
observed only in patients with progressive renal failure in the
present analysis.
Intercellular adhesion molecule-1 expression was highly in-
creased in cells of the interstitial compartment. In this respect
previous studies on MGN have yielded conflicting results. Inter-
stitial mononuclear cell infiltrates were observed in various types
of glomerulonephritis, most cells being ICAM-1 positive in the
analysis by Lhotta et al [20], whereas the six MGN patients,
studied by Bruijn and Dinklo [22], had unchanged ICAM-1
expression in the interstitial infiltrates. The differences may at
least partly be explained by methodological variations and differ-
ent antibodies used.
Vascular cell adhesion molecule-1 is normally expressed by
parietal glomerular epithelium and basolateral surfaces of proxi-
mal tubular cells [27]. In the present analysis, the expression was
significantly decreased in the parietal glomerular epithelium in
MGN, which may possibly be a result of the glomerular injury.
Increased expression of this molecule by proximal tubular cells is
observed in several renal diseases [7, 27], the trend being parallel
in our study. The study of Bruijn and Dinklo [22] suggested an
unchanged expression of VCAM-1 in the interstitial compartment
in their six MGN patients. However, the present analysis with a
larger patient population and variable duration of the disease
showed an increased interstitial expression of this molecule.
We are not aware of studies on PECAM-1 expression in
glomerulonephritis. Normally this molecule is expressed on plate-
lets, the endothelial surfaces of glomeruli, peritubular capillaries
and larger arteries and veins [28]. Highly increased expression by
cells in the interstitial compartment has been reported in renal
Fig. 2. Expression of adhesion molecules intercellular adhesion mole-
cule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), platelet-
endothelial cell adhesion molecule-1 (PECAM-1), leukocyte function
associated molecule-1 (LFA-1) and MAC-1 in renal interstitial tissue in
patients with membranous glomerulonephritis (MGN, f) and control (o)
kidneys. Abbreviations are: IP, immunoperoxidase; HPF, high power
field; NS, not significant. Values are indicated as mean 6 SE.
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allograft rejection [29] whereas in patients with nephropathia
epidemica, a virus-induced acute interstitial nephritis, increased
vascular endothelial expression of this molecule has been demon-
strated [30]. However, in the present study study the glomerular
endothelial expression was decreased that may be related to the
chronic glomerular injury. Resembling the other members of the
immunoglobulin superfamily, PECAM-1 expression was signifi-
cantly increased in cells of the interstitial compartment in the
present study.
Normal kidneys do not express E-selectin [7, 22], except for
occasional expression in peritubular capillaries [8] in which loca-
tion the expression is increased in renal allograft rejection [7, 29].
On the other hand, in rheumatoid cutaneous lesions, E-selectin
expression is increased in the predominantly mononuclear cellular
infiltrates [31]. However, E-selectin expression is not well defined
in glomerulonephritis. Minor, insignificant alterations in the ex-
pression were observed by Bruijn and Dinklo [22]. In the present
analysis the peritubular capillary expression of E-selectin was
significantly elevated, suggesting an activated capillary endothe-
lium in MGN.
Leukocyte function-associated molecule-1 (LFA-1) and Mac-1,
found in most immunocytes, serve as ligands to ICAM-1 [8, 32,
33]. E-selectin expression, transiently increased within hours after
endothelial activation [2], modulates LFA-1/Mac-1 expression on
leukocytes [31]. There was a significant correlation between the
number of interstitial cells expressing LFA-1 and the expression
of E-selectin in peritubular capillaries as well as ICAM-1 expres-
sion interstitially. This is in agreement with the concept that
activated capillary endothelium promotes leukocyte adhesion and
extravasation to the interstitial tissue, although a direct correla-
tion between the expression of adhesion molecules and histolog-
ical alterations was not found in this study.
We have previously reported highly increased urinary TNF-a in
MGN [12, 34] in which disease an enhanced TNF-a production by
glomerular epithelial cells was found in another study [11]. The
excretion did not correlate with serum levels and it was not
elevated in (macroproteinuric) diabetic nephropathy, suggesting
that altered glomerular permeability and proteinuria per se were
not causing the increased excretion [12]. In a recent study by Wu
et al [35] urinary TNF-a was found to exhibit a proliferative effect
on human mononuclear cells and rat mesangial cells in patients
with IgA nephropathy, suggesting that the protein is, indeed,
biologically active. The important role of this cytokine in the
up-regulation of endothelial adhesion molecules is highlighted by
Fig. 3. Relationships between the renal expression of some adhesion molecules, proteinuria and urinary tumor necrosis factor-alpha (TNF-a) in
membranous glomerulonephritis (simple regression analysis). (A) Peritubular capillary E-selectin expression and proteinuria. (B) Peritubular capillary
E-selectin and interstitial leukocyte function-associated molecule-1 (LFA-1) expression. (C) Interstitial LFA-1 and intercellular adhesion molecule-1
(ICAM-1) expression. (D) Interstitial LFA-1 expression and urinary TNF-a excretion. Abbreviation HPF is high power field.
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experiments on nephrotoxic serum nephritis where the influx of
leukocytes into glomeruli was prevented by anti-TNF-a antibodies
[8]. In one preliminary study glomerular expression of E-selectin
correlated with high circulating levels of TNF-a [36].
Urinary TNF-a correlated particularly with the interstitial
LFA-1 and less with the peritubular capillary expression of
E-selectin in the present study. It seems probable that the
immunologic injury of MGN leading to increased intrarenal
TNF-a production [11] is reflected by urinary TNF-a excretion.
This may be one factor locally modulating the expression of
adhesion molecules of the cells in the vicinity of glomeruli and
tubuli.
This analysis suggested that proteinuria in MGN runs in
parallel with altered expression of several adhesion molecules
(peritubular capillary E-selectin in particular). It is evident that
the abundance and duration of proteinuria are crucial factors in
the genesis of interstitial alterations and the progression of renal
disease [17, 18]. Proximal tubular cells may play a special role in
the inflammation and scarring by producing matrix proteins,
pro-inflammatory cytokines and chemotactic substances as a
response to proteinuria [18]. Recently it was shown that albumin-
uria per se results in a phenotypic change in the integrins normally
expressed by the tubular epithelial cells resulting in an increased
synthesis of integrin avb5 [37].
In conclusion, the expression of several adhesion molecules was
abnormal in patients with MGN. Glomerular parietal epithelial
cells had diminished VCAM-1 expression and endothelial cells
expressed less PECAM-1 than the controls. E-selectin expression
was elevated in peritubular capillaries whereas cells of the inter-
stitial compartment had increased expression of ICAM-1,
VCAM-1, PECAM-1, and LFA-1. There was no significant rela-
tionship between histologic alterations and the expression of
adhesion molecules. However, proteinuria parallelled the in-
creased expression of these molecules, in particular E-selectin in
the peritubular capillaries. The highly increased urinary TNF-a in
MGN correlated with the expression of LFA-1 interstitially and
E-selectin in peritubular capillaries. This study suggests that
immunologically active MGN leads not only to proteinuria but
also to increased urinary TNF-a excretion, which may be factors
locally modulating the expression of adhesion molecules.
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APPENDIX
Abbreviations used in this article are: CI, confidence interval; E-selectin
or ELAM-1, endothelial leukocyte adhesion molecule-1; GFR, glomerular
filtration rate; HPF, high power field; ICAM-1, intercellular adhesion
molecule-1; LFA-1, leukocyte function associated molecule-1; MGN,
membranous glomerulonephritis; PECAM-1, platelet-endothelial cell ad-
hesion molecule-1; TNF-a, tumor necrosis factor-alpha; UCr, urinary
creatinine; VCAM-1, vascular cell adhesion molecule-1.
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